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Median arcuate ligament syndrome (MALS) is a rare disorder resulting from extrinsic compression and narrowing of the
celiac artery, and—less often—the superior mesenteric artery, by the relatively low insertion of the ligament and/or
prominent fibrous bands or ganglionic periaortic tissue of the celiac nervous plexus. We report on a young woman who
after three consecutive attempts of endovascular therapy with balloon angioplasty and stenting for MALS, each followed
by gross symptom recurrence and a cumulative weight loss of 10 kg, underwent open surgical division of the ligament and
reconstruction of the celiac artery. Despite the initial response of MALS to endovascular therapy, the extrinsic pressure
exerted on the celiac artery by the surrounding dense fibrous/ganglionic tissue resulted in slippage of the stents and/or
failure of their material. These findings militate against the use of balloon angioplasty and stenting primarily in patients
with MALS without prior release of the extrinsic compression on the celiac (and/or superior mesenteric) artery by
dividing the surrounding median arcuate ligament and/or ganglionic tissue with open or laparoscopic surgery. (J Vasc
Surg 2007;46:799-802.)The median arcuate ligament (MAL) is a fibrous arch
crossing the aorta, usually superior to the celiac artery
takeoff and at the level of the insertion of the diaphragm
bridging the crura.1-3 Occasionally, the ligament may insert
at a lower level, thus crossing the proximal portion of the
celiac artery.1-5 MAL syndrome is the rare disorder caused
by the extrinsic compression that the relatively inferior
insertion of the MAL and/or prominent fibrous bands or
the ganglionic periaortic tissue of the celiac nervous plexus
may exert on the celiac artery.1-5 Typically, celiac artery
compression is clinically characterized by weight loss, post-
prandial abdominal pain, and nausea and vomiting: symp-
toms believed to be secondary to intermittent foregut
ischemia.3-5 Atypical presentations of MAL syndrome are
exceedingly variable and may range from exercise-related
severe abdominal pain and diarrhea in elite athletes, fully
reversed with surgical division of the constricting MAL,6 to
rupture of a pancreaticoduodenal artery aneurysm, formed
by the increasing poststenotic dilatation in the celiac axis
caused by the MAL.7,8 Occasionally, in addition to the
celiac artery, the constricting effects of MAL may be also
exerted on the superior mesenteric artery and the renal
arteries.9
Percutaneous transluminal angioplasty (PTA) of the
celiac artery in MAL syndrome for postoperative stenosis10
or primarily11,12 has been performed by different clinicians
over the past 27 years. The increasing applicability of stent
deployment for mesenteric occlusive disease, the associated
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doi:10.1016/j.jvs.2007.05.049technological advancements, and mounting evidence of
acceptable mid-term patency rates13,14 have given vascular
interventionists the opportunity to expand the use of PTA
and stenting to patients with MAL syndrome before or
after primary surgical intervention and extrinsic tension
relief.10-15
We report on a young woman with MAL syndrome
who, after three consecutive attempts of endovascular ther-
apy with PTA and stenting, each one resulting in initial
clinical improvement but followed by gross symptom re-
currence, and a cumulative weight loss of 10 kg, had to
undergo open surgical division of theMAL and reconstruc-
tion of the celiac artery.
CASE REPORT
A 21-year-old woman presented with a history of postprandial
abdominal pain and cramping, nausea and bloating associated with
weight loss (10 kg), and constipation. Four months earlier she had
been hospitalized (elsewhere) for acute postprandial abdominal
pain. Esophagogastroduodenoscopy had revealed marked gastric
dilatation and focal duodenal mucosal erosions. Mesenteric an-
giography had disclosed a 70% to 75% celiac artery stenosis. Celiac
artery PTA and stenting resulted in clinical improvement at that
time; however, symptoms recurred 2 months later as a result of
restenosis distal to the previous stent site; repeat PTA and stenting
was performed. Early remission was followed by recurrence within
6 weeks. At that time, the patient sought medical consultation
at our institution. Meticulous gastroenterology (esophagogas-
troduodenoscopy, radionuclide gastric emptying, and gastroduo-
denal manometry) assessment proved unremarkable. Magnetic
resonance (MR) angiography disclosed a high-grade (75%) celiac
artery restenosis between the two previous stents (Figs 1 and 2).
The diagnosis of MAL syndrome was made on the basis of the
presentation and underlying anatomy. In light of the young age of
the patient, and because the two previous stents laid just above and
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zones for stent deployment, our institution’s interventional radi-
ologists believed that a third endovascular procedure with a stiff,
balloon-expandable stent was worth considering before open sur-
gery. The option of releasing the extrinsic compression on the
celiac artery laparoscopically before its PTA and stenting was not
addressed at the time. A third celiac PTA and stenting resulted in
improvement of abdominal bloating in the ensuing months, yet
postprandial abdominal cramps, often lasting many hours, re-
stricted food intake and thus prevented weight gain. A pinhole
celiac restenosis was detected 6 months later, with a well-
developed pancreaticoduodenal arcade on computed tomography
(CT) angiography. Symptom exacerbation and psychiatric clear-
ance of somatoform or eating disorders paved the way to elective
surgery. Through a 10-cm-long upper midline abdominal incision,
the aorta was reached at the level of the crura of diaphragm, and the
MAL and adjacent ganglionic tissue encasing the celiac artery and
Fig 1. Magnetic resonance angiography discloses a high-grade
celiac artery restenosis between the two previous stents.
Fig 2. Three-dimensional multichannel computed tomographic
angiography discloses a high-grade celiac artery restenosis between
the two previous stents.the aorta were divided. Transection of the severely damagedstented segment of the celiac artery (Fig 3) was followed by its
reconstruction with a-side-to-end aortoceliac 8-mm Hemashield
Dacron interposition graft (DuPont, Wilmington, Del; Fig 4).
Patch angioplasty at the hepatic artery takeoff with bovine pericar-
dium was performed to widen the arterial lumen (Fig 4). Unevent-
ful recovery and unimpaired celiac artery flow on CT angiography
(Fig 5) was associated with relief of her symptoms. She remained
free of the symptoms linked to MAL syndrome at her 28-month
follow up.
DISCUSSION
In the presence of significant clinical manifestations,
radiographic evidence of MAL syndrome is offered tradi-
tionally with lateral mesenteric aortoangiography, yet re-
Fig 3. After division of the crura of the diaphragm and the
median arcuate ligament, the previous stents are removed from the
celiac artery.
Fig 4. The severely damaged segment of the artery is transected,
and its reconstruction is performed with a side-to-end aortoceliac
8-mm Hemashield Dacron interposition graft and patch plasty
with bovine pericardial patch to the hepatic artery takeoff, with the
aim of widening its lumen.cent advances in multichannel CT and MR imaging have
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three-dimensional CT or MR angiography, respectively.1-5,16
CT, MR, or digital subtraction mesenteric arteriography
reveal high-grade proximal celiac artery stenosis on inspira-
tion.1-5,16 The characteristic focal narrowing in the proxi-
mal celiac artery, with its hooked appearance, aids in distin-
guishing MAL syndrome from other etiologies of
stenosis.1-5,16 In 10% to 24% of people, the MAL may cross
anterior to the artery,17 whereas in 13% to 50%, angio-
graphic features of celiac axis compression (to a variable
degree) may be present.18,19
Open3-5 or laparoscopic20,21 surgical division of the
MAL and dissection of the abundant celiac ganglionic
tissue over the aorta, if present, relieve compression. Celiac
or mesenteric artery dilation or reconstruction by interpo-
sition grafting, patch aortoplasty, or primary reanastomosis
may be required in persisting stenosis after decompression.3-5
Among 51 patients who underwent open surgery for symp-
tomatic celiac artery compression, 44 (86%) were available
for late follow-up (mean, 9 years; range, 1-18 years). Sus-
tained symptom relief occurred more often with a preoper-
ative postprandial pain pattern (81% cure), age between 40
and 60 years (77%), and weight loss of 20 pounds (10 Kg)
or more (67%).4 Clinical improvement was inversely corre-
lated with an atypical pain pattern with periods of remission
(43% cure), a history of a psychiatric disorder or alcohol
abuse (40%), age greater than 60 years (40%), and weight
loss of less than 20 pounds (53%).4 Eight (53%) of 15
patients treated by celiac decompression alone remained
asymptomatic at late follow-up, in contrast to 22 (76%) of
29 patients treated by celiac decompression plus celiac
revascularization.4 Late follow-up arteriograms revealed a
widely patent celiac artery in 70% of asymptomatic patients
but a narrowed or occluded celiac artery in 75% of the
symptomatic ones.
This report points at the partial, short-lived relief of
Fig 5. Three-dimensional multi channel computed tomographic
angiography of the reconstructed celiac artery at follow-up, con-
firming its uncompromised patency.symptoms and early celiac artery restenosis after repeat PTAand stenting in the presence of high-grade celiac compres-
sion generated by the anatomic and functional abnormality
in MAL syndrome which compelled surgical treatment
within months of the onset of symptoms in a 21-year-old
woman. A literature search revealed a very limited account
of pertinent clinical data. Twenty-seven years have elapsed
since PTA of the celiac artery was performed for recurrent
stenosis after open surgery for MAL syndrome (1980).10
Eighteen months after that procedure, the patient re-
mained symptom-free. Fifteen years later (1995), Matsu-
moto et al11 reported on seven PTA procedures for symp-
tomatic visceral artery stenosis that were immediate failures,
five of which were secondary to extrinsic arterial compres-
sion caused by the MAL or an occult malignancy.11 More
recently, the same team15 reported on the immediate clin-
ical failure of PTA in a patient with MAL syndrome who
later had immediate relief of symptoms with surgical release
of the MAL. Cina and Safar12 also performed celiac artery
angioplasty without effect in a 62-year-old woman with a
previous partial gastrectomy presenting with postprandial
abdominal pain and marked weight loss; previous angiog-
raphy had revealed celiac artery compression, and gastroin-
testinal tract investigation was unremarkable. The patient
underwent surgical division of the MAL, with complete
relief of symptoms, which recurred 4months later. Angiog-
raphy demonstrated a restenosis of the celiac artery. Com-
plete and persistent relief of symptoms at 4 years’ follow-up
was achieved with aortoceliac artery bypass grafting.12
These data indicate that secondary endovascular therapy in
the celiac artery for MAL syndrome after its extrinsic com-
pression has been relieved is associated with acceptable
clinical outcomes, contrary to those linked to primary PTA
and stenting without surgical release of compression.
The traumatic effects of PTA on the vessel wall produce
multiple tears and cracks in the intima and splits of various
grades in the media, weaken the vessel wall, and render it
more susceptible to collapse by external compression,22
thus adding to the vessel recoil that occurs invariably with-
out the structural support of a stent.23 However, stent
deployment may be compromised by slippage, mechanical
fatigue, and, ultimately, crashing secondary to the intense
compression exerted by the MAL. Perhaps the potential
benefits of the developing stent fabrication and drug-
eluting stent technology could have significant implications
in the prevention of intimal hyperplasia after stent deploy-
ment and mechanical fatigue of stent material, especially in
patients with higher grades of extrinsic compression from
the MAL.24,25 With current standards, though, and in
keeping with the fundamental precept of endovascular
therapy, primary stent deployment should be avoided in the
likely occurrence of extrinsic compression or motion. In
this respect, the MAL syndrome could be compared with
the thoracic outlet, the inguinal ligament, and perhaps the
popliteal space. As treatment of this young patient has
shown, the MAL syndrome proved to be an additional
setting in which primary stenting would be unable to
withstand the power of extrinsic forces with impunity.
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only on grounds of its pathophysiology, which remains
largely obscure, but also in the absence of a clear causal
relationship between treatment and symptom relief. On the
basis of gastric PCO2 measurements during a 10-minute
bicycle exercise, the detection of patients with gastrointes-
tinal ischemia due to MAL-related celiac artery compres-
sion was recently reported.26 Accordingly, gastric stress
testing enabled identification of the true symptomatic indi-
viduals with MAL syndrome, and after open surgical MAL
division, 83% remained symptom free after a median fol-
low-up of 39 months, thus adding to the objective, quan-
titative evidence on the validity of MAL syndrome.
Distinct differences in background pathophysiology
suggest that the favorable clinical efficacy of endovascular
therapy in atherosclerotic mesenteric occlusive disease13,14
is not applicable to MAL syndrome, although both entities
may involve the celiac artery, superior mesenteric artery, or
both. This report highlights the sound failure of primary
PTA and stenting for high-grade celiac artery stenosis in
MAL syndrome without prior surgical release of the extrin-
sic compression exerted on the vessel wall by the MAL
and/or stiff para-aortic ganglionic tissue. In the presence of
excellent superior mesenteric artery flow, the intensity of
symptoms associated with MAL syndrome points at a mul-
tifactorial etiology, pertaining not only to the mesenteric
circulation, but also to other functions, such as neurogenic
and/or endocrine functions, as some investigators have
alluded to.27,28
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